Introduction
In a flip chip package, the coefficient of thermal expansion (CTE) mismatch between the silicon chip and substrate induces significant strain on flip chip solder interconnects during thermal cycling, which may lead to the failure of package. In order to protect and prolong the life of flip chip interconnects, the underfill was introduced and became an essential component especially for organic substrates (or chip carriers). Later, underfill was also used in ball grid array (BGA) packages at the board level in order to improve the reliability of the packages under mechanical shock, vibration and bend during assembly and shipment. Capillary flow underfill will almost certainly improve the mechanical reliability performance of an area array assembly [1, 2, 3, 4] . However, depending on the selection of materials the thermal fatigue life may easily end up worse than without an adhesive. This is even more true for lead free than for eutectic SnPb soldered assemblies. The paper studies the thermal cycling reliability of ChipArray ® Thin Core Ball Grid Array (CTBGA) assemblies with two types of fast cure and reworkable capillary flow underfill, in addition to the traditional full capillary flow underfill (FCFU) dispensing pattern, the economical partial capillary flow underfill (PCFU) dispensing pattern was also be studied.
Test vehicle design and assembly
The test vehicle was designed according to the JEDEC standard [5] . Fifteen CTBGA was soldered to the FR4 material 8-layer test board with a dimension of 132 mm by 77 mm by 1 mm thick (see Fig. 1 ). The boards have organic solderability preservative (OSP) surface finish on non-solder mask defined (NSMD) pads, while the components have electro-plated nickel-gold surface finish on solder mask defined (SMD) pads. The 12.0 mm by 12.0 mm CTBGA has a 0.5 mm pitch with 228 solder balls. The 0.3 mm diameter solder ball compositions are 96.5%Sn/3.0%Ag/0.5%Cu (SAC305).
SAC305 Multicore LF620 lead-free no-clean solder paste (Type 3) was printed on PCB through an electro-polished stencil. The test boards were divided into five legs: FCFU-bonded components with material A, PCFU -bonded components with material A, FCFU-bonded components with material B, PCFU -bonded components with material B, and components without adhesive. The test boards with these underfills as shown in Fig. 2 . Tab. I lists the properties of the underfills investigated. The test condition applied was -40 °C to +125 °C 32 minutes/cycle with 10 minute dwells and 15 °C/minute ramps. Electrical testing was done during the test. A net resistance across the entire CTBGA of 1000 ohms was used as the criteria for failure. The test was terminated at 5000 cycles.
Test result and discussion
All of the present adhesives reduced the thermal cycling performance (see Fig. 3 ). Especially the characteristic life of FCFU bonded assemblies with material A was decreased by 29.74% to 3274 cycles. The material B with higher glass transition temperature (Tg), modulus and smaller adhesive volume yielded relatively better performance. Because it cuts the time of assemblies spent in a higher CTE mismatch state, i.e. the temperature range above Tg. In addition, the materials with higher modulus can distribute the stresses to all the underfilled solder joints more evenly, at last, the PCFU dispensing pattern improves the heat exchange underneath packages and stress level of solder joints at package center location. So if we want to improve the thermal cycling reliability of CTBGA with adhesives, the thermal-mechanical material characteristics and dispending patterns (see Fig. 4 ) of adhesives should be thoroughly considered.
Failure analysis
Four failure analysis methods were used to investigate the failure locations and the failure modes: dye-and-pry, cross section, SEM, and EDX. The results shows that all the failure are occurred at the solder joints near the interface areas of both package substrate and PCB (see Fig. 5 ), solder joints in the outside area of array were failed first. 
Conclusions
In this paper, experiments was used to study the effect capillary flow underfill has on the reliability of BGA packages under thermal cycling. The results show that PCFU dispensing pattern has relatively small effect on the reliability of the CTBGA, while FCFU can degrades the reliability of the CTBGA under thermal cycling significantly by stretching the package corner solder as temperature changes. This makes the package corner solder ball a high risk site in a BGA. The thermal fatigue properties of package with underfill, which has the higher Tg and modulus were better than those of the package with underfill having the lower Tg and modulus value. Of course, the underfill with lower CTE maybe also very helpful for thermal fatigue life, but the CTE two materials in this study is so close that the trend is not very clear. Moreover, whenever possible, the use of PCFU dispensing pattern is highly recommended.
